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ABSTRACT 

Objectives: Epidemiological studies have raised 
concerns about the reproductive consequences of in 
utero exposure to alcohol. Maternal lifestyle factors 
have been associated with altered pubertal 
development, but the impact of prenatal alcohol 
exposure on male puberty is unknown. Thus, the 
objective was to explore whether prenatal alcohol 
exposure alters pubertal development in boys. 
Setting: Follow-up of a Danish pregnancy cohort. 
Participants: Sons (N=2522) of women who were 
enrolled in a Danish pregnancy cohort between 1984 
and 1987. 

Primary and secondary outcome measures: 

Indicators of pubertal development, assessed by age at 
first nocturnal emission, voice break, acne and regular 
shaving. 

Results: We found a tendency towards a later age at 
first nocturnal emission and voice break following in 
utero exposure to binge drinking. Boys exposed to >5 
binge drinking episodes during pregnancy experienced 
their first nocturnal emission 7.3 months (95% CI 
-2.8 to 17.4) later and voice break 4.9 months (95% 
CI -0.6 to 10.4) later than the unexposed boys. 
Results for average weekly alcohol consumption were 
in the same direction, but differences were smaller and 
not statistically significant. 
Conclusions: We found no strong support for the 
hypothesis that in utero exposure to weekly alcohol 
consumption is a risk factor for altered pubertal 
development, but a tendency towards delayed pubertal 
development among boys exposed to binge drinking 
during fetal life was observed. Longitudinal studies, 
with data collected as children go through puberty, are 
needed to explore this further. 
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INTRODUCTION 

Alcohol consumption during pregnancy has 
been associated with adverse pregnancy out- 
comes 1 2 and child morbidity. 3 Although 
controversy still exists regarding the safety of 
low-level consumption 4 and specific timing 
of exposure, women are advised to abstain 
from alcohol when planning to conceive and 
throughout pregnancy. Yet, alcohol consump- 
tion is common during pregnancy in many 



Strengths and limitations of this study 



Strengths 

■ Large pregnancy cohort with a rather high par- 
ticipation rate (55%). 

■ Prospectively collected data on maternal alcohol 
consumption. 

■ Data with a large exposure contrast. 

■ Ability to study dose-response effects. 

■ 'State-of-the-art' statistical methods. 
Limitations 

■ Self-reported data on pubertal development. 

■ Lack of valid indicators of pubertal development 
in boys. 

■ A relatively large amount of missing data on the 
indicators of pubertal development. 

■ Risk of uncontrolled or residual confounding. 



countries 5 6 and is, thus, one of the major 
modifiable risk factors possibly affecting fetal 
growth. 

Interest in male reproductive conse- 
quences of prenatal exposure to alcohol has 
grown recently, as focus on causes of subfe- 
cundity has intensified worldwide. In boys, 
one study reported an association between 
prenatal alcohol exposure and cryptorchid- 
ism, 7 a congenital malformation that may 
predispose to impaired semen quality, 
whereas other studies have shown inconsist- 
ent results. 8-10 In adult life, indications of 
reduced semen quality among exposed men 
have been reported. 11 

A few studies have investigated the associ- 
ation between maternal alcohol consumption 
during pregnancy and pubertal development 
in girls. One of these observed a later age of 
menarche in a small group of heavily 
exposed girls, 12 but two recent studies did 
not support this finding. 13 14 Shrestha et al 14 
also assessed binge drinking episodes during 
pregnancy, but found no effects on the 
timing of menarche, either of binge drinking 
or of weekly alcohol consumption. 

In boys, studies on risk factors for altered 
pubertal development are sparse. It is well 
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established that variability in onset of puberty depends 
on genetic factors, ethnicity and nutritional conditions, 15 
but in utero exposures may also have an early 'program- 
ming' role. It has been indicated that male pubertal 
development may be accelerated following in utero 
exposure to cigarette smoking 16-18 and maternal 
obesity. 19 

This study aims to explore whether prenatal alcohol 
exposure alters pubertal development in boys. 

METHODS 

This study is based on data from the pregnancy cohort 
'Healthy habits for two' 20 established between 1984 and 
1987 in the municipalities of Aalborg and Odense, 
Denmark. The cohort included 11 980 pregnant women 
(87% of all invited), who at a routine visit to the 
midwife around the 36th gestational week, completed a 
questionnaire concerning lifestyle, demographic and 
health-related characteristics before and during preg- 
nancy, including questions on consumption of alcoholic 
beverages during pregnancy. These women were all 
Danish citizens and since only 1% of Danish women 
aged 20-34 years were immigrants or descendants from 
immigrants during 1984-1987, the participants were 
most likely Caucasians. 21 Of the 11 980 pregnant 
women, 11 144 delivered live born singletons. Of these, 
5716 were boys. In 2005, 5142 men (between 18 and 
21 years of age) who were alive and living in Denmark 
were identified in the Danish Civil Registration System 
and invited to complete an internet-based questionnaire. 
A total of 2810 (55%) men responded. 

Exposure assessment 

In the questionnaire completed by the pregnant women 
around the 36th gestational week, they were asked about 
their average weekly intake of beer, wine and spirits 
while being pregnant. One drink was defined as one 
bottle of beer (0.33 L), one glass of wine or one glass of 
spirits. We calculated the weekly intake of these alcoholic 
beverages for each woman. The average maternal 
alcohol intake during pregnancy was categorised into 
four groups: 0, 0.5-1.5, 2-4 or >4 drinks/week. 
Furthermore, the women were asked how many times 
they had consumed eight or more alcoholic drinks on a 
single occasion (defined as binge drinking) while being 
pregnant with the following predetermined response cat- 
egories: 0, 1-4, 5-9, 10-19 or >20 times. We formed 
three groups according to the number of binge drinking 
episodes; 0, 1-4 and >5 times during pregnancy. 

Assessment of pubertal development in boys 

In the follow-up questionnaire administered to the men 
in 2005, four questions concerning different indicators 
of pubertal development were asked: "Have you had 
acne?," "Has your voice broken?," "Have you started to 
shave regularly?" and "Have you had your first nocturnal 
emission?". If they answered 'y es '> they were also asked 



to provide the age in years and months at which the 
event first occurred. We converted the month into a frac- 
tion of a year and added years to create a continuous 
outcome variable for each of the four events. 

Covariates 

Potential confounders were identified a priori: maternal 
age in years (continuous), maternal pre-pregnancy body 
mass index (BMI; <18.5, 18.5-24.9 and >24.9kg/m 2 ), 
maternal smoking during pregnancy (smoker, former 
smoker (stopped before pregnancy) and non-smoker), 
maternal chronic diseases (diabetes mellitus, epilepsy, 
arthrosis, heart disease, cancer, psychiatric disorders, 
allergy or other chronic diseases combined into one vari- 
able: present vs not present), municipality of residence 
at the time of delivery (urban areas vs rural areas), 
family socioeconomic status based on the highest 
ranking of job description or academic background 
between parents at the time of pregnancy (white-collar 
workers, blue-collar workers and unemployed or stu- 
dents) and cohabitation status of the parents at birth 
(mother living with the father of the child vs mother not 
living with the father of the child) . 

Statistical analyses 

Missing information 

The number (%) of participants who gave information 
on age for the four outcome variables were: acne 1804 
(64%), voice break 1696 (60%), regular shaving 2128 
(76%) and first nocturnal emission 924 (33%). About 
three-quarter of these only provided age in years. 
Information on maternal average weekly alcohol con- 
sumption was complete and there were only four (0.1%) 
missing values on binge drinking. Furthermore, the level 
of missing values in covariates varied from 0% to 6.9% 
(table 1). Unexposed boys had more missing values in 
the pubertal events compared with boys exposed to 
alcohol during pregnancy. However, differences were 
rather small. 

Since complete case analysis can lead to biased esti- 
mates and limited power, we addressed the missing data 
problem by using multiple imputations, which often 
yield unbiased and more precise estimates if data are 
missing at random. 22 23 Briefly, the multiple imputations 
model is an approach that creates several (m>l) differ- 
ent imputed datasets based on other known paticipant 
characteristics from the whole dataset. The m complete 
datasets are then analysed and the results are combined 
using the so-called Rubin's rule, thus producing a single 
set of inferences that includes the variability associated 
with the missing data. 

Prior to multiple imputations, we excluded men who 
had not provided age in years for one of the four events 
(n=288). We performed multiple imputations using an 
interval regression imputation model (100 imputed data- 
sets) with interval censoring of the indicators of pubertal 
events. The following variables were included in the main 
imputation model: age at first nocturnal emission, age at 
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Table 1 Maternal characteristics according to average weekly alcohol consumption and binge drinking episodes 

Maternal weekly alcohol consumption during pregnancy 




drinks/week 



0.5-1.5 
drinks/week 



2.0-4.0 
drinks/week 



>4.0 

drinks/week 



Test for trend 





n=464 


n=1589 


n=520 


n=237 


p Value 


Age, years (mean (SD)) 


O/"* o tr~ o\ 

26.3 (5.2) 


0~7 ~7 1 A A\ 

27.7 (4.4) 


OO O 1 A OX 

28.8 (4.3) 


OO O / A A\ 

29.3 (4.4) 


<0.001 


Cigarette smoking, n (%) 










0.49 


Smoker 


A "7 A ZO"7 IT \ 

174 (37.5) 


t- r\ a /oo r\\ 

524 (33.0) 


a -70 /OO OA 

1 76 (33.9) 


OO /O A OX 

82 (34.8) 




Non-smoker 


242 (52.2) 


893 (56.4) 


281 (54.0) 


128 (54.2) 




Past smoker 


48 (10.3) 


168 (10.6) 


63 (12.1) 


26 (1 1 .0) 




Binge drinking (times) 










<0.001 


0 


AAA /or - o\ 

441 (95.3) 


a o~7r ZO/~» ~7\ 

1375 (86.7) 


00-7 /-70 o\ 

397 (76.3) 


A O l~ / 1~~7 o\ 

135 (57.2) 




1-4 


22 (4.7) 


202 (12.7) 


A OO / A O 0\ 

103 (19.8) 


-70 /oo o\ 

76 (32.2) 




>5 


0 (0.0) 


10 (0.6) 


20 (3.9) 


25 (10.6) 




Pre-pregnancy body mass index 










<0.001 


(BMI; kg/m ), n (%) 












<18.5 


44 (10.4) 


113 (7.6) 


37 (7.7) 


20 (8.7) 




18.5-24.9 


303 (71 .3) 


1 198 (80.8) 


404 (83.8) 


193 (84.6) 




>24.9 


78 (18.3) 


171 (11.6) 


41 (8.5) 


15 (6.6) 




Chronic diseases, n (%) 










0.80 


Yes 


74 (16.3) 


265 (17.0) 


96 (18.8) 


36 (15.3) 




No 


00-< /OO "7\ 

381 (83.7) 


a oor" /oo r\\ 

1295 (83.0) 


A A O /O A 0\ 

416 (81 .2) 


A OO /O A ~?\ 

199 (84.7) 




Municipality of residence, n (%) 










<0.001 


Urban areas 


269 (58.1) 


1018 (64.1) 


359 (69.2) 


169 (71.3) 




Rural areas 


194 (41.9) 


570 (35.9) 


160 (30.8) 


68 (28.7) 




Family's socioeconomic 










<0.001 


status, n (%) 












White-collar workers 


286 (61 .6) 


1225 (77.1) 


443 (85,2) 


206 (86.9) 




Blue-collar workers 


135 (29.1) 


303(19.1) 


59 (1 1 .4) 


22 (9.3) 




Unemployed or students 


43 (9.3) 


61 (3.8) 


18 (3.5) 


9 (3.8) 




Cohabitation status, n(%) 










0.92 


Parents living together 


423 (96.8) 


1466 (97.9) 


488 (99.0) 


219 (95.6) 




Parents not living together 


14 (3.2) 


31 (2.1) 


5(1.0) 


10 (4.4) 





Number (%) 
of missing values 



3(0.1) 
5 (0.2) 



4(0.1) 
193 (6.9) 

48 (1.7) 
3(0.1) 
0 (0.0) 

154 (5.5) 



Number of maternal binge drinking episodes during pregnancy 





0 times 


1-4 times 


>5 times 


Test for trend 


Number (%) of 




n=2348 


n=403 


n=55 


p Value 


missing values 


Age, years (mean (SD)) 


27.8 (4.6) 


27.8 (4.4) 


28.8 (5.1) 


0.55 


3(0.1) 


Cigarette smoking, n (%) 








<0.001 


5 (0.2) 


Smoker 


745 (31 .8) 


178 (44.2) 


32 (59.3) 






Non-smoker 


1365 (58.2) 


158 (39.2) 


18(33.3) 






Past smoker 


234 (10.0) 


67 (16.6) 


4 (7.4) 






Maternal weekly alcohol 








<0.001 


0 (0.0) 


consumption (drinks/week) 












0 


441 (18.8) 


22 (5.5) 


0 (0.0) 






0.5-1.5 


1375 (58.6) 


202 (50.1) 


10(18.2) 






2.0-4.0 


397 (16.9) 


103 (25.5) 


20 (36.4) 






>4.0 


135 (5.7) 


76 (18.9) 


25 (45.4) 






Pre-pregnancy BMI (kg/m 2 ), n (%) 








0.38 


193 (6.9) 


<18.5 


183 (8.4) 


27 (7.1) 


4 (7.4) 






18.5-24.9 


1740 (79.8) 


314 (82.9) 


42 (77.8) 






>24.9 


258 (1 1 .8) 


38 (10.0) 


8 (14.8) 






Chronic diseases, n (%) 








0.57 


48 (1.7) 


Yes 


398 (17.2) 


65 (16.5) 


8(14.8) 






No 


1911 (82.8) 


330 (83.5) 


46 (85.2) 






Municipality of residence, n (%) 








0.02 


3(0.1) 


Urban areas 


1498 (63.9) 


276 (68.5) 


41 (74.5) 






Rural areas 


847 (36.1) 


127 (31.5) 


14(25.5) 






Family's socioeconomic status, n (%) 








0.07 


0 (0.0) 


White-collar workers 


1821 (77.6) 


297 (73.7) 


40 (72.7) 






Blue-collar workers 


423 (18.0) 


83 (20.6) 


12 (21.8) 






Unemployed or students 


104 (4.4) 


23 (5.7) 


3 (5.5) 






Cohabitation status, n (%) 








<0.001 


154 (5.5) 


Parents living together 


2181 (98.1) 


366 (96.8) 


45 (90.0) 






Parents not living together 


43 (1 .9) 


12 (3.2) 


5(10.0) 
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acne, age at voice break, age at regular shaving, maternal 
pre-pregnancy BMI, maternal cigarette smoking, mater- 
nal age at delivery, alcohol consumption during preg- 
nancy, chronic diseases of the mother, municipality of 
residence at the time of delivery, family's socioeconomic 
status and cohabitation of the parents. We performed dif- 
ferent imputation models, including (1) a higher 
number of imputed datasets, m=120, (2) only exposure 
and outcome variables and (3) more covariates than in 
the main imputation model. We then compared the 
results to check for consistency, that is, the sensitivity of 
the results to the choice of model used for imputations. 

Data analyses 

Data on age for the four indicators of pubertal develop- 
ment were symmetrically distributed. Thus, we calculated 
the mean ages with 95% confidence intervals (CIs) for 
each of the pubertal events. We estimated partial correl- 
ation coefficients between the four indicators of puber- 
tal development adjusted for the covariates described 
above. Furthermore, we performed multiple linear 
regression analyses with maternal alcohol consumption 
during pregnancy, with average weekly intake and 
number of binge drinking episodes as the explanatory 
variables in separate models. We adjusted for the poten- 
tial confounders aforementioned. Moreover, we esti- 
mated trends using average maternal alcohol 
consumption and binge drinking as continuous vari- 
ables. Since 2.1% of the women contributed to the 
cohort with more than one child, we applied robust 
standard error (ER) in the adjusted analyses to account 
for clustering. 

We also performed sensitivity analyses. First, we 
repeated the multiple linear regression analyses using 
different multiple imputation models to check for con- 
sistency of the chosen imputation model, as noted 
before. Second, we performed restricted analyses based 
on the participants who reported at least age in years at 
all events (complete case analyses). Finally, to test for 
interaction between maternal weekly alcohol consump- 
tion and maternal cigarette smoking, we fitted a mul- 
tiple linear regression model testing for interaction 
among the complete cases. All statistical analyses were 
performed using Stata 12 software (Stata Corporation, 
College Station, Texas, USA). 



RESULTS 

The cohort included 2810 men, but 288 men provided 
no information on the pubertal events and the final 
study population constituted 2522 participants. The 
excluded men did not differ from the responders with 
regard to in utero exposure to alcohol. 

Approximately 84% of the mothers consumed alcohol 
on a weekly basis during pregnancy and about 9% 
reported having >4 drinks of alcohol/week. In total, 
16% of the mothers had experienced at least one binge 
drinking episode during pregnancy, and 2% had >5 
binge drinking episodes. 

In table 1, the characteristics of the pregnant women 
by average weekly alcohol consumption and number of 
binge drinking episodes are presented. Women with 
high average weekly alcohol consumption were on 
average older, had more binge drinking episodes and a 
lower BMI than women with no alcohol intake. 
Furthermore, women consuming alcohol during preg- 
nancy had higher socioeconomic status and were more 
likely to live in urban areas, compared with abstainers. 
Women binge drinking >5 times during pregnancy 
smoked more often, had a higher weekly alcohol intake 
during pregnancy and were more likely to live in urban 
areas and not live with the father of the child. 

The crude mean (95% CI) ages for the four indicators 
of pubertal development among all participants were: 
acne 14.6 (14.5 to 14.7) years, voice break 14.5 (14.5 to 
14.6) years, start of regular shaving 17.2 (17.2 to 17.3) 
years and first nocturnal emission 14.8 (14.7 to 14.9) 
years. The adjusted correlation coefficients between the 
four pubertal milestones varied between 0.3 and 0.6 
(table 2). 

We observed a tendency for a later age at all four indi- 
cators of pubertal development with higher weekly 
average levels of alcohol intake; however, the differences 
were small and not statistically significant (table 3). 
Compared with the unexposed boys, those exposed to >4 
drinks/week during fetal life were 0.30 (95% CI -0.19 to 
0.80) years older at first nocturnal emission, correspond- 
ing to 3.6 (95% CI —2.3 to 9.6) months. Regarding binge 
drinking during pregnancy, we observed a somewhat 
stronger indication of an older age at all four indicators 
of pubertal development than seen for weekly average 
alcohol consumption. Boys exposed to >5 binge drinking 
episodes during pregnancy experienced their first 



Table 2 Adjusted* correlation between age at indicators of pubertal development 


Acne 


Voice break 


Regular shaving First nocturnal emission 


Acne 1 .00 
Voice break 0.60 
Regular shaving 0.30 
First nocturnal emission 0.34 


1.00 
0.38 
0.40 


0.30 1.00 


*Results are adjusted for maternal alcohol consumption during pregnancy, maternal age at delivery, maternal pre-pregnancy body mass 
index, maternal smoking during pregnancy, maternal chronic diseases, municipality of residence at the time of delivery, family's 
socioeconomic status and cohabitation status of the parents at birth. 
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Table 3 Age difference in years of indicators of pubertal development among 2522 boys according to average weekly 
alcohol intake and binge drinking episodes during pregnancy 



Distribution 

(%) 



First nocturnal 
emission 



Acne 



Voice break 



Regular shaving 



Adjusted* mean difference (95% CI) 



Average alcohol intake (drinks/week) 



0 16 

0.5-1 .5 56 

2.0-4.0 19 

>4.0 9 
Test for trend, 
p Value 

Binge drinking episodes (times) 

0 84 

1-4 14 

>5 2 
Test for trend, 
p Value 



reference reference reference reference 

0.15 (-0.13 to 0.43) 0.06 (-0.12 to 0.24) -0.01 (-0.19 to 0.16) 0.02 (-0.15 to 0.19) 

0.25 (-0.12 to 0.62) 0.09 (-0.13 to 0.31) 0.11 (-0.10 to 0.32) 0.03 (-0.18 to 0.23) 

0.30 (-0.19 to 0.80) 0.09 (-0.19 to 0.37) 0.03 (-0.24 to 0.31) 0.08 (-0.16 to 0.33) 

0.97 0.23 0.50 0.30 



reference reference reference reference 

-0.09 (-0.39 to 0.21) -0.02 (-0.21 to 0.17) -0.07 (-0.24 to 0.1 1) 0.03 (-0.14 to 0.20) 

0.61 (-0.23 to 1.45) 0.06 (-0.42 to 0.53) 0.41 (-0.05 to 0.87) 0.17 (-0.20 to 0.54) 

0.36 0.95 0.45 0.37 



'Adjusted for maternal age at delivery, maternal pre-pregnancy BMI, maternal smoking during pregnancy, maternal chronic diseases, 
municipality of residence at the time of delivery, family's socio-economic and cohabitation status of the parents at birth. 



nocturnal emission 7.3 (95% CI -2.8 to 17.4) months 
later and voice break 4.9 (95% CI -0.6 to 10.4) months 
later than the unexposed boys. Differences between the 
groups for the other pubertal milestones were smaller. 

We repeated all analyses based on four alternative imput- 
ation models and found essentially the same results as 
those presented in table 3 (data not shown). For the 
restricted analyses (complete cases), results were in the 
same direction (data not shown) . Finally in the interaction 
analyses, there was no indication of effect measure modifi- 
cation by maternal cigarette smoking (data not shown). 

DISCUSSION 

We found no strong evidence for an association between 
maternal alcohol consumption during pregnancy and 
pubertal development among sons, but our results indi- 
cated that binge drinking during pregnancy may be asso- 
ciated with pubertal development occuring at a later age 
in boys. 

Our findings of slightly delayed pubertal development 
in exposed boys are consistent with results from experi- 
mental studies. Exposure to ethanol in utero has been 
linked to delayed sexual maturation in female rats 24 25 
and, recently, prenatally exposed male rats also showed 
delayed reproductive development and onset of sperm- 
atogenesis compared with the unexposed rats. 26 Thus, it 
is plausible that prenatal exposure to alcohol could 
affect onset of spermatogenesis in humans. Evidence 
from epidemiological studies on pubertal development 
in girls is, however, inconsistent. In a small preliminary 
investigation by Robe et al, 12 there were a higher per- 
centage of girls with late onset of menarche among girls 
exposed to >2 drinks of alcohol/day. Similar results 
were observed by Windham et al 13 when comparing 
highly exposed and low exposed girls; however, after 
adjusting for potential confounding factors the effect on 



age of menarche diminished. Further, Shrestha et al 
reported no association between in utero exposure to 
alcohol and age of menarche. The results by Robe et al 
may well have been confounded, but the discrepant 
findings could be due to differences in exposure levels. 
The levels of exposure in the study by Windham et al 
and Shrestha et al may have been too low to detect 
effects. 

In this present study, we used prospectively collected 
information from the mothers on alcohol intake during 
pregnancy. This limits the risk of differential recall bias; 
however, there is a considerable risk of non-differential 
recall bias driving effect measures towards the null. The 
prevalence of drinking in our study was high, since mod- 
erate alcohol intake during pregnancy was socially 
accepted in Denmark at the time of data collection. We 
had the ability to study dose-response effects as we had 
data with a large exposure contrast and, further, we had 
a rather large proportion (9%) of mothers with an 
alcohol intake of >4 drinks/week. The analyses on binge 
drinking during pregnancy were, however, limited to a 
few highly exposed boys (2%). When studying effects of 
prenatal alcohol exposure, one major challenge is to dis- 
entangle the toxic effects of alcohol from the underlying 
and possibly confounding factors associated with alcohol 
consumption. 27 It is well established that lifetime abstai- 
ners differ from drinkers in a number of demographic, 
lifestyle and socioeconomic characteristics. 28 Although 
these differences might not be expected to be as com- 
prehensive in a study population of pregnant women, 
the abstainers did differ from the drinkers in our data. 
Although we controlled for various potential confoun- 
ders, we cannot exclude residual or unmeasured con- 
founding as an explanation for our findings. 

Although the participation rate in the birth cohort 
was high (87%), there is a risk of selection bias related 
to attrition in this study, as only 55% of the men 
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participated in the follow-up in 2005. Another limitation 
is the relatively large amount of missing data in the 
cohort, especially concerning the four indicators of 
pubertal development. We addressed this by using mul- 
tiple imputation models which provide more valid 
results than complete case analysis if data are missing at 
random. 23 Also, we compared estimates from different 
imputation models. 

The data on indicators of pubertal development were 
based on self-reports at the age of 18-21 years. One may 
argue that acne or the need for regular shaving may not 
occur in all men and these two events may therefore not 
be good predictors of pubertal development. On the 
other hand, age at first nocturnal emission and voice 
break are considered valid indicators of pubertal devel- 
opment in boys, comparably to age of menarche in 
girls. 29 30 Previous data from Danish boys have shown 
that the median age at first ejaculation (spermache) was 
13.4 years, 31 and mean age at voice break was 14 years, 32 
which is slightly earlier than in the present study. This 
small discrepancy may well be explained by the recall 
time in our study which varied between 1 and 12 years. 
We expect some misclassification, yet most likely non- 
differential, resulting in bias in the null direction. 

Despite the high prevalence of alcohol consumption 
reported in this study, the number of boys exposed to 
binge drinking was low, and the results must therefore 
be interpreted with caution. There may well be a thresh- 
old for both dose and timing of exposure that may affect 
male pubertal development. It is plausible that the detri- 
mental effect varies by gestational age and there may be 
more than one vulnerable time window. 

In this study population, there was not sufficient infor- 
mation to study very high levels of exposure to alcohol 
during fetal life. Furthermore, we only measured the 
average number of drinks per week or number of binge 
drinking episodes during the entire pregnancy and did 
not have data on the exact time of alcohol consumption. 
Therefore, we cannot distinguish between early or late 
exposure in pregnancy and this may mask potential 
effects of prenatal exposure to high levels of alcohol in 
vulnerable time windows. 

It is biologically plausible that exposure to alcohol in 
fetal life delays pubertal development. Differentiation 
and development of the male genitals begins around ges- 
tational weeks 7-8, and evidence from experimental 
studies suggests a window for 'male programming' occur- 
ring from weeks 8-14 of gestation, where sufficient andro- 
gen levels are essential for normal development. 33-37 
Alcohol readily passes the placental barrier, thereby pos- 
sibly affecting the endocrine organs of the developing 
fetus. 39 Alcohol intake during pregnancy has been shown 
to increase oestrogen levels and decrease testosterone 
levels in maternal and umbilical blood, 39-41 thus, the 
intrauterine hormonal milieu and consequently, the fetal 
hormone balance may well be affected. 38 42 Although the 
exact mechanisms are not well understood, the onset of 
puberty in boys is under the control of the 



hypothalamic-pituitary-gonadal axis and alterations of 
the fetal hormonal milieu and endocrine system may 
affect pubertal development later in life. 44 

Further research is needed to investigate the associ- 
ation between maternal alcohol consumption and 
pubertal development. Future studies will benefit from 
data collected on pubertal development by following 
children during the years of puberty with clinical exami- 
nations, Tanner staging and assessment of changes in 
hormonal levels. 

In summary, we found little evidence to support the 
hypothesis that in utero exposure to weekly alcohol con- 
sumption is a strong risk factor for altered pubertal 
development, but we observed a tendency towards 
delayed pubertal development among boys exposed to 
maternal binge drinking during fetal life. 
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